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ABSTRACT 

A s e r i e s  of bench-scale exper iments  w a s  run  t o  de te rmine  t h e  advantages  and 
d isadvantages  of p rocess ing  c o a l  l i q u i d s  wi th  pe t ro leum r e s i d .  S tandard  r e s i d ,  b l e n d s  
of  r e s i d  c o n t a i n i n g  15 and 40% coal -der ived  l i q u i d s  (from W i l s o n v i l l e ) ,  p l u s  t h e  n e a t  
coa l -der ived  component of t h e  b l ends  were eva lua ted .  The parameters  eva lua ted  were: 
(1) Hydrogen Consumption; ( 2 )  Conversions (1000+'F, hydrodesu l fu r i za t ion  (HDS) , 
hydrodeni t rogenat ion  (HDN), and Ramscarbon removal (HDR)); (3) C a t a l y s t  A c t i v i t y ;  ( 4 )  
Uni t  Operab i l i t y ;  and (5) Product Qua l i ty  ( t o t a l  l i q u i d  product  p l u s  360-, 360-650, 
650-1000, and 1000+'F f r a c t i o n s ) .  

The major f ind ings  a r e :  
c o a l  l i q u i d s  bu t  HDS and HDR were independent  of f eed ;  (2)  Coal l i q u i d s  d i d  n o t  
a c c e l e r a t e  c a t a l y s t  d e a c t i v a t i o n ;  (3) Unit  o p e r a b i l i t y  inc reased  w i t h  i n c r e a s i n g  
coa l - l i qu ids  con ten t  of  t h e  feed;  ( 4 )  Aromat ic i ty  of t h e  360-. 360-650, and 650-1000°F 
f r a c t i o n s  a l l  i nc reased  wi th  i n c r e a s i n g  c o a l  l i q u i d s .  

(1) Hydrogen consumption and HDN inc reased  wi th  i n c r e a s i n g  

INTRODUCTION 

A s  p a r t  o f  i t s  s y n f u e l s  development program, Amoco has  been doing  r e s e a r c h  t o  
improve the economics of conypf5fng c o a l  i n t o  l i q u i d  f u e l s  u s ing  t h e  technique  known 
as d i r e c t  c o a l  l i q u e f a c t i o n .  
Germany t o  produce l i q u i d  f u e l s  du r ing  World War 11. However, i t  i s  n o t  economic a t  
t h e  c u r r e n t  p r i c e  of c rude  o i l  and t h e r e  is no c u r r e n t  commercial sou rce  of  c o a l  
l i q u i d s .  The economics of  c o a l  l i q u e f a c t i o n  would improve i f  e x i s t i n g  pe t ro leum 
r e f i n e r y  u n i t s  could  be used t o  upgrade  coa l -der ived  l i q u i d s  r a t h e r  than  b u i l d i n g  a 
g ras s - roo t s  f a c i l i t y .  The r e sea rch  program desc r ibed  h e r e i n  was  conducted t o  
de te rmine  the  advantages and d i sadvan tages  of p rocess ing  c o a l  l i q u i d s  w i t h  pe t ro leum 
r e s i d s .  

D i rec t  l i q u e f a c t i o n  i s  a proven technology--used by 

EXPERIMENTAL 

Feeds tocks  

Maya-containing 1000+'F r e s i d  b lend  (Feed A) was chosen as t h e  r e s i d  benchmark. 

The 
Coal-derived l i q u i d  ( con ta in ing  abou t  50% 1000+OF m a t e r i a l  and des igna ted  Feed B) 
ob ta ined  from the  Wi l sonv i l l e ,  Alabama p i l o t  p l a n t  was used t o  make t h e  b l ends .  
f eeds tocks  con ta in ing  15% and 40% c o a l  l i q u i d s  were des jgna ted  Feed C and Feed D 
r e s p e c t i v e l y .  The i n s p e c t i o n s  of t h e s e  f e e d s  a r e  shown i n  Table I. 
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An automated cont inuous  r e s i d  hydroprocess ing  p i l o t  p l a n t  was used. 
p r e s s u r e  hydrogen e n t e r s  th rough a p r e s s u r e  stepdown and meter ing  device  and e x i t s  
th rough an o u t l e t  p r e s s u r e  c o n t r o l  loop  so t h a t  hydrogen p r e s s u r e  and f low can b e  
c o n t r o l l e d  w i t h i n  narrow l i m i t s .  The e x i s t i n g  gases  p a s s  e i t h e r  i n t o  a gas sampling 
device  or through a s c r u b b e r  and i n t o  a wet t e s t  meter. Feed is added by a p o s i t i v e  
d isp lacement  pump. Feed and hydrogen f low c o n c u r r e n t l y  upflow through a v e r t i c a l  p i p e  
r e a c t o r .  The p i p e  r e a c t o r  i s  h e a t e d  by f o u r  independent ly  f i r e d  and c o n t r o l l e d  
h e a t i n g  zones. 
thermocouple w e l l  by a t r a v e l l i n g  thermocouple. Feed e x i t s  from t h e  t o p  of t h e  
r e a c t o r  and i s  c o l l e c t e d  i n  e i t h e r  of t h e  fo l lowing  two ways: 

1. 

High 

Reac tor  tempera ture  is measured i n  a c e n t r a l l y  l o c a t e d  a x i a l  

I n  normal o p e r a t i o n ,  feed  e x i t s  through a h i g h  p r e s s u r e  gas- l iqu id  s e p a r a t o r  v i a  
a Research C o n t r o l  Valve (RCV) w i t h  a c o n t r o l  loop  t h a t  main ta ins  a c o n s t a n t  
l i q u i d  l e v e l  in t h e  h i g h  p r e s s u r e  s e p a r a t o r .  I n  t h i s  mode, product  l i q u i d  is  
c o l l e c t e d  c o n t i n u o u s l y  i n  a g l a s s  b o t t l e  a t  a tmospheric  pressure .  

2. Under some p r o c e s s  c o n d i t i o n s ,  s o l i d s  a r e  formed which p lug  the  RCV making the  
u n i t  i n o p e r a b l e  i n  t h a t  mode. The h i g h  p r e s s u r e  r e c e i v e r  is used when h igh  
s o l i d s  c o n d i t i o n s  a r e  encountered.  In t h i s  mode, product  l i q u i d  is he ld  i n  a 
hea ted  (about  300°F) Hoke v e s s e l  a t  t h e  system p r e s s u r e  u n t i l  t h e  v e s s e l  is 
d r a i n e d  and t h e  p r o d u c t  is c o l l e c t e d  ( t y p i c a l l y  every  24 hours ) .  

Reac t ion  Condi t ions  and Sequence of Feedstock T e s t i n g  

Only f e e d s t o c k  and r e a c t o r  tempera ture  were v a r i e d .  Kept cons tan t  were l i q u i d  
f e e d r a t e ,  p r e s s u r e ,  and hydrogen f low r a t e .  
r e a c t o r  tempera ture  of "base". 
c o a l - l i q u i d s ) .  C (15% c o a l  l i q u i d s ) ,  D (40% c o a l - l i q u i d s ) ,  and then  wi th  A (0% 
c o a l - l i q u i d s )  a g a i n  t o  de te rmine  c a t a l y s t  d e a c t i v a t i o n .  The tempera ture  was then 
r a i s e d  t o  "base + 20°F" cont inuing  w i t h  Feedstock A (0% c o a l - l i q u i d s )  and then sequen- 
t i a l l y  t e s t i n g  a s  was done a t  "base". 
t h e  program w a s  expanded t o  also t e s t  t h e  100% c o a l - l i q u i d s  f e e d ,  Feed B. This 
exper imenta l  program was des igna ted  Run 17-258. 

The f e e d s t o c k  comparison s t a r t e d  wi th  a 
S e q u e n t i a l l y ,  d a t a  were obta ined  wi th  Feedstocks A (0% 

A t  t h e  end of t h e  "base + 20'F" test sequence,  

RESULTS 

Table  I1 shows t h e  average  t o t a l  l i q u i d  product  i n s p e c t i o n s  f o r  each feeds tock  i n  
t h e  s e q u e n t i a l  o r d e r  t h e  f e e d s  were run; t h e  s t a n d a r d  d e v i a t i o n  f o r  each i n s p e c t i o n  is 
given  i n  p a r e n t h e s i s .  The i n s p e c t i o n s  l i s t e d  i n  Table  I1 are: 'AFT, percent  S h e l l  h o t  
f i l t r a t i o n  (SHFT), p e r c e n t  hexane i n s o l u b l e ;  a l s o  p e r c e n t s  s u l f u r ,  n i t r o g e n ,  and 
Ramscarbon. 

Table  I11 shows the mass b a l a n c e  d a t a :  p e r c e n t  C -C gas-make, t o t a l  hydrogen 
consumption (SCF/B) and weight  p e r c e n t  product  r e c ~ v e r i d . ~  Table  I V  shows t h e  conver- 
s i o n s  obta ined  w i t h  each  f e e d ,  a g a i n  i n  t h e  s e q u e n t i a l  r e a c t i o n  order .  S u l f u r ,  
n i t r o g e n ,  and Ramscarbon convers ions  a r e  t h e  averages  f o r  t h e  r u n  period. 

I n s p e c t i o n s  on t h e  360-, 360-650, 650-1000. and 1000+"F f r a c t i o n s  ( c o l l e c t e d  by 
atmospheric  d i s t i l l a t i o n  of t h e  650-OF f r a c t i o n s  and vacuum d i s t i l l a t i o n  of t h e  650+"F 
m a t e r i a l )  have been o b t a i n e d  f o r  each  of t h e  f e e d s t o c k s  a f t e r  r e a c t i o n  a t  each  
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t empera ture .  
and V I  r e s p e c t i v e l y .  

Unit O p e r a b i l i t y  

The d a t a  from r e a c t i o n  a t  "base" and "base + 20'F" a r e  shown i n  Tab les  V 

F igure  1 shows t h e  e f f e c t  o f  c o a l - l i q u i d s  and r e a c t i o n  tempera ture  on SHFT d u r i n g  
normal o p e r a t i o n  through t h e  RCV. 
w i th  i n c r e a s i n g  coa l - l i qu ids  con ten t  and t h e  improved o p e r a b i l i t y  wi th  added c o a l  
l i q u i d s  i s  much more pronounced a t  t h e  h ighe r  tempera ture .  

Our d a t a  c l e a r l y  show t h a t  o p e r a b i l i t y  i n c r e a s e s  

I n  normal ope ra t ion ,  t h e  r e a c t i o n  product  c o n t i n u a l l y  e x i t s  t h e  u n i t  th rough a 
s e p a r a t o r ,  t h e  l e v e l  of which is  c o n t r o l l e d  by a r e s e a r c h  c o n t r o l  v a l v e  (RCV). During 
pe r iods  of good o p e r a b i l i t y ,  f low through t h e  RCV i s  smooth and t h e  l i q u i d  p roduc t  has  
a low va lue  f o r  an i n s p e c t i o n  c a l l e d  t h e  S h e l l  Hot F i l t r a t i o n  Tes t  (SHFT). SHFT i s  a 
measure of t h e  amount of s o l i d s  formed. 
RCV was p o s s i b l e  wi th  e i t h e r  0 ,  15 ,  o r  40% coa l - l i qu ids  g iv ing  average  SHFT 
i n s p e c t i o n s  of about 1 . 2 ,  0 .8 ,  and 0 .6 ,  r e s p e c t i v e l y .  A t  "base + 20°F" o p e r a b i l i t y  
was f i n e  wi th  15, 40 and 100% coa l - l i qu ids  r e s u l t i n g  i n  SHFT i n s p e c t i o n s  of 0.8, 0.5,  
and 0.2, r e spec t ive ly .  

A t  "base tempera ture"  o p e r a t i o n  through t h e  

In  c o n t r a s t ,  ope ra t ion  a t  "base + 20°F" w i t h  Feed A w a s  imposs ib le ;  t he  RCV 
plugged and had t o  be by-passed by u s i n g  t h e  h igh  p r e s s u r e  r e c e i v e r .  
t i o n s  of t h e s e  h igh  p r e s s u r e  r e c e i v e r  p roduc t s ,  about  0.88, are lower t h e  t h e  SHFT of 
1.2 ob ta ined  a t  "base". 
t he  SHFT d a t a  ob ta ined  from ope ra t ion  wi th  t h e  h igh  p r e s s u r e  s e p a r a t o r  do no t  
a c c u r a t e l y  r e f l e c t  u n i t  o p e r a b i l i t y  and cannot  be compared wi th  d a t a  ob ta ined  du r ing  
ope ra t ion  through t h e  RCV. We do no t  know why t h e  SHFT i n s p e c t i o n s  are no t  
comparable. 

C a t a l y s t  A c t i v i t y  

The SHFT inspec-  

S ince  o p e r a b i l i t y  should  improve wi th  lower SHFT i n s p e c t i o n s ,  

The u s e  o f  c o a l  l i qu id -con ta in ing  f eeds  had no unusual  e f f e c t  on c a t a l y s t  
a c t i v i t i e s .  
t empera ture ,  w i t h  d e a c t i v a t i o n  i n c r e a s i n g  wi th  i n c r e a s i n g  tempera ture ,  as would be 
expected f o r  any feed .  

C a t a l y s t  a c t i v i t y  only  dec l ined  wi th  t i m e  on stream a t  a g iven  

The d a t a  f o r  den i t rogena t ion  have  t h e  lowes t  exper imenta l  e r r o r  and are used  t o  
show our  r e s u l t s ,  b u t  similar t r e n d s  were followed f o r  s u l f u r  and Ramscarbon 
r educ t ion .  

F igu re  2 shows t h e  r e l a t i v e  de rd t rogena t ion  r e a c t i v i t y  f o r  each of t h e  f e e d s  i n  
the  s e q u e n t i a l  o rde r  which they  were run. R e l a t i v e  r e a c t i v i t y  is def ined  a s  t h e  r a t i o  
of 1 s t -o rde r  ra te  c o n s t a n t s  t o  Day 69 f o r  r e a c t i o n  a t  base  and t h e  r a t i o  t o  day  105 
f o r  r e a c t i o n  a t  "base + 20°F". As is seen ,  t h e  r e a c t i v i t y  of benchmark Feeds tock  A a t  
"base" was i d e n t i c a l  b e f o r e  and a f t e r  running  t h e  coa l - l i qu id  b lends .  The r e a c t i v i t y  
a t  "base + 20°F" was s l i g h t l y  lower a f t e r  running  t h e  b l ends ,  b u t  t h e  d e c l i n e  was v e r y  
sma l l  and i s  a t t r i b u t e d  t o  t h e  expec ted  c a t a l y s t  d e a c t i v a t i o n  a t  t h i s  tempera ture  and 
not  t o  t h e  u s e  of c o a l  l i qu id -con ta in ing  f e e d s ,  

The exp lana t ion  f o r  t h e  g r e a t e r  den i t rogena t ion  of t h e  c o a l  l i qu ids -con ta in ing  
One p o s s i b i l i t y  i s  t h a t  t h e  n i t rogen-con ta in ing  compounds i n  t h e  f eeds  i s  unknown. 

c o a l  l i q u i d s  are i n h e r e n t l y  e a s i e r  t o  den i t rogena te  t h a n  those  i n  t h e  pe t ro leum r e s i d .  
A l t e r n a t i v e l y ,  t h e  g r e a t e r  den i t rogena t ion  of  the  c o a l  l i qu ids -con ta in ing  f e e d s  might 
simply be a r e s u l t  of t h e i r  g r e a t e r  amounts of 1000-"F material p r e s e n t  (14, 25, and 
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50% i n  Feeds C ,  D ,  and B,  r e s p e c t i v e l y ,  v e r s u s  8% i n  A); prev ious  s t u d i e s  have shown 
t h a t  ease  of upgrading  i n c r e a s e s  as b o i l i n g  p o i n t  of t h e  f e e d  decreases .  

Conversions and Hydrogen Uptake 

The p e r c e n t  convers ions  of 1000t"F m a t e r i a l  t o  1000-"F m a t e r i a l ,  n i t r o g e n  
removal, Ramscarbon removal, and s u l f u r  removal for each  c o a l  l i q u i d - c o n t a i n i n g  f e e d  
p l u s  Feed A a t  "base" and "base + 20'F" are shown i n  F i g u r e s  3-6 r e s p e c t i v e l y .  
Conversion o f  1000+OF m a t e r i a l  i s  c a l c u l a t e d  ( c o r r e c t i n g  f o r  1000-"F m a t e r i a l  i n  t h e  
f e e d )  from one a c t u a l  d i s t i l l a t i o n  of combined product  c o l l e c t e d  over  each run  per iod .  
Nitrogen,  Ramscarbon, and s u l f u r  convers ions  a r e  c a l c u l a t e d  from i n s p e c t i o n s  of d a i l y  
products  and t h e n  averaging  t h e  r e s u l t s .  Hydrogen uptake  is shown i n  F igure  7.  
Hydrogen uptake  i s  t h e  average  of mass b a l a n c e  c a l c u l a t i o n s  taken dur ing  each run  
p e r i o d .  

A l l  convers ions  w i t h  t h e  15 and 40X blends  of c o a l  l i q u i d s  were always equal  t o  
o r  g r e a t e r  t h a n  t h e  convers ion  w i t h  Feed A a l o n e ,  i n d i c a t i n g  t h a t  no p e n a l t y  i n  
convers ion  would r e s u l t  from t h e  a d d i t i o n  of c o a l  l i q u i d s .  Also,  t h e  1000+"F conver- 
s i o n s  of t h e  b lends  were h i g h e r  t h a n  those  o f  t h e  s t r a i g h t  A and B feeds .  This  
s u g g e s t s  t h e  p o s s i b i l i t y  of a s y n e r g i s t i c  i n t e r a c t i o n ,  b u t  t h e  d a t a  do no warran t  a 
d e f i n i t i v e  s t a t e m e n t  t o  t h a t  e f f e c t .  C -C g a s  make appeared independent  of feed  a t  1 4  each  temperature .  

Deni t rogenat ion  i n c r e a s e d  w i t h  i n c r e a s i n g  c o a l - l i q u i d s .  However, as discussed  
above, t h i s  could  have s imply been caused by t h e  lower b o i l i n g  p o i n t s  of t h e s e  feeds .  

Ramscarbon and s u l f u r  convers ions  were s l i g h t l y  h igher  a t  each  tempera ture  w i t h  
t h e  b lends  t h a n  w i t h  Feed A,  b u t  t h e  d i f f e r e n c e s  probably  are not  s t a t i s t i c a l l y  
s i g n i f i c a n t .  

Hydrogen uptake  i n c r e a s e d  w i t h  i n c r e a s i n g  c o a l  l i q u i d s  a t  each  tempera ture  and 
hydrogen uptake  i n c r e a s e d  w i t h  i n c r e a s i n g  tempera ture .  
because t h e  c o a l  l i q u i d s  are more a romat ic  than  petroleum r e s i d  (Feed A) and more 
hydrogen would go i n t o  r i n g  s a t u r a t i o n .  

This  r e s u l t  is expected 

Product  Q u a l i t y  

Each b o i l i n g  range  f r a c t i o n  g o t  more a romat ic  and had a lower s u l f u r  c o n t e n t  w i t h  
These r e s u l t s  a r e  i l l u s t r a t e d  i n  i n c r e a s i n g  c o a l - l i q u i d s  c o n t e n t  a t  each tempera ture .  

F i g u r e s  8 and 9 which show p e r c e n t  a romat ics  and percent  s u l f u r  i n  t h e  650-1000°F 
c u t s ,  r e s p e c t i v e l y .  

The n i t r o g e n  c o n t e n t s  of t h e  c u t s  d i d  n o t  show a c o n s i s t e n t  p a t t e r n .  The 360-"F 

The n i t r o g e n  
c u t  showed i n c r e a s i n g  n i t r o g e n  w i t h  i n c r e a s i n g  c o a l - l i q u i d s .  
showed i n c r e a s i n g  n i t r o g e n  w i t h  i n c r e a s i n g  c o a l - l i q u i d s  only a t  "base". 
c o n t e n t  w i t h i n  t h e  650-1000°F f r a c t i o n  w a s  t h e  same w i t h  each feed  a t  each r e a c t i o n  
temperature .  

The 360-650°F f r a c t i o n  

SUMMARY 

The purpose  of t h e s e  exper iments  was t o  answer t h e  ques t ion :  "How would t h e  
a d d i t i o n  of c o a l - l i q u i d s  a f f e c t  r e s i d  hydroprocessing?",  s p e c i f i c a l l y  a d d r e s s i n g  t h e  
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t o p i c s  of u n i t  o p e r a b i l i t y ,  convers ion  and hydrogen consumption, c a t a l y s t  a c t i v i t y  
maintenance, and product  q u a l i t y .  

Our conc lus ions  a r e :  

1. Unit  Operab i l i t y :  BETTER 
2 .  Conversions: EQUAL OR HIGHER 
3 .  Hydrogen Consumption: HIGHER 
4 .  Unexpected E f f e c t  on C a t a l y s t  A c t i v i t y :  NONE 
5 .  Product  Qua l i ty :  MORE AROMATIC, LOWER SULFUR. 

REFERENCES 

1. Brooks,  J. A. ,  R. J. B e r t o l a c i n i .  L. C.  G u t b e r l e t ,  and D. K .  K i m ,  "Ca ta lys t  
Development f o r  Coal L ique fac f ion , "  EPRI F i n a l  Report  f o r  RP 1408-1, -2 ,  November 
1979. 

2 .  Mahoney, J. A., J. J. Helstrom, and R. J. P e l l e t ,  "Coal L ique fac t ion  C a t a l y s t  
Development," DOE F i n a l  Report  f o r  Con t rac t  #DE AC 22-79ET-14803, August 1982. 

3. T a i t ,  A. M . ,  M .  M. Schwartz,  and M. A. Pacheco, "Advanced Coal L ique fac t ion  
C a t a l y s t  Development, DOE Con t rac t  Number DE-AC22-81PC40009: F i n a l  Repor t , "  
A p r i l  29 .  1986. 

167 



Percent Coal 
Liquids: 

TABLE I 

FEEDSTOCK INSPECTIONS 

0 

Feedstock 
Ident i f i ca t ion:  A 

Elemental Analyses 

c ,  % 
H ,  % 
s,  % 
0 ,  % 
N ,  % 
Ni, ppm 
v ,  PPm 

84.85 
10.39 

4.04 
1.48 
0.49 

56 
246 

Ramscarbon, % 18.5 
O i l ,  % 29.3 
Resin, X 58.5 
Asphaltene, % 12.0 
"API 6.8 
% 1000+'F(d) 92 

15 

, (a)  

85.38 
10.06 
3.38 
0 .83  
0.54 

46 
201 

20 .1  
29.2 
56.9 
11.5 

6.0 
85.6 

40 100 

86.22 88.40 
9.55 8.48 
2.56 0.26 
2.01 1 . 5 7  
0.59 0.78 

34 <2 
152 <2 

20.6 22.4 
29.2 24.8 
56.5 56.1 

9.4 4.3 
4.0 -1.5 

75 49.5 

(a )  C = 85% A + 15% B .  
(b) D = 60% A + 40% B .  
(c)  Blend of Wilsonvil le  l iqu ids  derived from I l l i n o i s  No. 6 coa l .  
( d )  By d i s t i l l a t i o n .  
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Reaction 
Tenprature 

Feedstock 
Identlficatim 

X C o a l L i ~  
in Feed 

Days 

O A P I  

N, wt% 

Ranscarbon, wt% 

Hexane Insoluble, 
wt% 

Base Base + 20°F 

A C D A A C  0 A B 

0 15 40 0 0 15 40 0 1M) 

- - - - - - - - - 

72-77 

19.0 
(.I) 

0.47 
0 5 )  

0.348 
(.031) 

7.26 
(.N) 

0.80 
( .35) 

4.18 
(.55) 

99-105 110-119 123-132 

25.5 23.2 20.2 
t.6) (*5) (1.0) 

0.40 0.34 0.25 
(.M) (.02) (.04) 

0.266 0.294 0.288 
(.023) (.013) (.025) 

3.x) 3.02 3.56 
(1.37) (1.26) (1.11) 

0.97(a) 0.83 0.48 
(.46) (3) (.13) 

2.60 2.61 2.16 
(.61) (.24) (.21) 

136142 146-152 

25.6 10.3 
(.5) (.4) 

0.52 0.080 
C.04) C.027) 

0.285 0.304 
(.010) (.014) 

4.34 4.66 
(1.04) (.13) 

0.78(a) 0.15 
(22) (.05) 

2.63 1.67 
(.12) (4 

(Stiadard Dwlation) 

(a) kple frcm receiver. 
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Reaction 
Twrature  

Feglstock 
Identification 

% M L i s U i d s  
in Feed 

Dais 

c1-c4, % 

Reaction 
Tanperatme 

Feedstock 
Identification 

% coal Liquids 
in Feed 

Days 

XDesulfUrrza ' tion 

% DenitrogeMticn 

Base Base + 20'F 

A C D A A C  D A B 

0 15 40 0 0 15 40 0 100 

-- - - - - - - - 

68 72 77 83 92 104 117 131 139 142 147 152 

3.1 3.7 3.8 3.8 4.0 10.0 6.2 5.0 6.0 6.0 7.5 7.5 

1078 1139 1226 1456 1105 1858 1620 1660 1338 1468 1837 1754 

100 90 100 97 86 114 101 96 96 100 99 99 

mIV 

RUN 17-258 
coNvEI(SI0Ns 

Base Base+m=F 

A C D A A C D  A B 

0 15 4 0 0  0 15 40 0 100 

--------- 

62-69 72-77 80-84 87-96 99-105 110-119 122-132 136142 146-152 

85 85 89 85 90 90 90 88 69 

32 35 44 32 44 46 51 42 62 

%RarnscarboncOrnr. 62 64 67 62 83 85 82 77 79 

%1ooo~+GnN.by  - 70.0 71.1 67.5 82.7 88.8 88.9 82.4 77.4 
Msti l la t im 
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TABLE V 

INSPECTIONS OF PRODUCTS AFTER "BASE" HYDROTREATING 

Coal L iqu ids  i n  Feed, % 

Feeds tock  I d e n t i f i c a t i o n  

Run I d e n t i f i c a t i o n ,  17-258- 

360"F-, w t %  
c, % 

N ,  PPm 
s, % 
P a r a f f i n s ,  w t %  
Cyc lopa ra f f in s ,  w t %  
Aromatics,  u t %  

H ,  % 

360-650"F, w t %  
c, % 
H ,  % 
N ,  PPm 
s ,  % 
O A P I  
P a r a f f i n s ,  wt%Ca) 
Cyc lopa ra f f in s  
Aromatics,  w % 

C-sub-A, ~ t % ( ~ '  

650-10OO0P, w t %  
c ,  % 
H ,  % 
N ,  PPm 
s ,  % 
'API 
Ramscarbon, % 
P a r a f f i n s ,  wt%(a) 
Cyc lopa ra f f in s  

"FZ) Aromatics,  
C-sub-A, w t %  
O i l s ,  % 
Res ins ,  Z 
Asphal tenes ,  % 

1000"F+, w t %  
c, x 
H, % 
N, ppm 
N i ,  ppm 
V 7  ppm 
s,  % 
O A P I  

Ramscarbon, % 

0 

A 

94 

4 .8  
82.61 
13.95 

20 
0.079 

54.8 
29.0 
16.3 

24.9 
87.25 
12.97 

832 
0.74 
31.0 
30.6 
30.5 
38.9 
17.2 

37.9 
87.48 
11.81 
0.30 
0.51 

19.68 
7.30 
14.5 
31.2 
54.3 
25.8 
70.3 
28.7 

0 

29.9 
87.89 

9.96 
0.61 

22 
6 

1.18 
5.24 
23.7 

15 

C 

7 7  

4.1 
86.04 
14.17 

212 
0.049 

48.0 
31.6 
20.4 

27.7 
87.65 
12.56 

1220 
0.056 

30.3 
25.3 
31.0 
43.7 
17.5 

41.5 
87.74 
11.23 
0.28 
0.41 

16.53 
7.61 
12.5 
29.5 
58.0 
30.6 
65.1 
33.0 

0 

25.1 
88.38 

9.61 
0.65 

25 
5 

1 .oo 
2.79 
29.1 

40 

D 

84 

3.9 
86.26 
14.01 

241 
0.022 

34.4 
21.4 

30.7 
87.84 
12.07 
1310 

0.034 
26.6 
18.1 
31.1 
50.8 

, 44.2 

23.1 

43.1 
88.85 
10.87 
0.32 
0.22 

13.30 
5.75 

22.0 
70.2 
35.8 
58.3 
39.8 

0 

21.7 
89.13 

9.08 
0.64 

20 
2 

0.66 
0.12 
31.6 

7 .a 

( a )  By Robinson-type mass s p e c t r a l  a n a l y s i s .  
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TABLE V I  

DISTILLED PRODUCT INSPECTIONS FROM 
HYDROTREATING AT "BASE + 20')F" 

Feed I d e n t i f i c a t i o n :  
Run 17-258- 

Coal  Liquids  i n  Feed %: 

360' P-W t% 
c,  % 
n.  x 
N .  ppm 
S .  epm 

"API 
P a r a f f i n s ,  w t ~ ( ~ )  
C y c l o p a r a f f i n s  ( a y t ~ ( a )  
Aromatics ,  w % 
C-sub-A, wtX'"' 

650-1000°F, W t %  
c. % 
H, % 
N, % 
s, % 
API 
Ramscarbon, % 
P a r a f f i n s ,  wt%Ca) 
C y c l o p a r a f f i n s  tay t%(a)  
Aromatics ,  w % 
C-sub-A, wtxFa) 

Resins. X 
Asphal tenes ,  % 

O i l s ,  % 

s. x 
N i ,  ppm 
V. epm 
"API 
Ramscarbon, % 

A 
135-139 

0 

9.08 
85.07 
14.41 

136 
480 

39.51 
86.94 
12.64 
0.132 

1250 
32.7 
30.2 
30.7 
39.1 
18.0 

33.77 
87.33 
11.28 
0.349 

0.56 
19.1 

1.2 
15.5 
27.5 
57.0 
28.8 
68.0 
31.1 

0.4 

16.24 
88.23 

8.63 
0.793 

1.39 
31 
16 

-1.5 
34.7 

C 
111-116 

15  

9.0 
81.73 
13.35 

158 
238 

37.7 
87.19 
12.47 
0.124 

440 
32.6 
27.7 
30.4 
41.9 
17.2 

43.4 
88.26 
10.65 
0.394 

0.44 
13.2 

2.5 
10.8 
22.6 
66.6 
33.8 
61.3 
35.7 

0.8 

9.6 
90.32 

7.91 
0.814 

.98 
29 

7 
-5.6 
42.5 

0 
122-126 

40 

8.5 
85.32 
14.09 

222 
300 

38.2 
87.89 
12.11 
0.115 

240 
28.4 
21.7 
30.9 
47.4 
20.1 

43.9 
88.90 
10.35 

.337 
0.276 

10.7 
1.8 
7.0 

16.7 
76.3 
41.7 
55.9 
41.1 

0.4 

8.3 
89.11 

7.81 
0.592 

.63 
26 

4 
-9.4 
52.5 

B 
148-151 

100 

5.1 
86.87 
13.17 

348 
279 

46.0 
88.89 
10.86 
0.137 

50 
19.0 
4 .8  

28.8 
66.4 
32.4 

36.2 
91.14 

8.00 
.440 

0.011 
-1.2 

1.1 _- 
-- 
100 

63.1 
35.1 
62.6 
0.8 

11.21 
92.25 

6.36 
.206(?) 
.044 

16 
5 

-11.4 
49.9 

(a )  By Robinson-type mass s p e c t r a l  a n a l y s i s  

172 



FIGURE 1 

RUN 17-258: SHELL SOLIDS 

n COAL-LIQUIDS, Z 
0 0  

BASE BASE'+ 20 
REACTION TEMPERATURE 
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nGURE 2 

RUN 17-258: CATALYST ACTIVITY 

1.58 

BASE 

COAL-LIQUIDS, Z 
1.2 0 0  

0 15 
ea 4 0  
n o  
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FIGURE 3 
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RUN 17-258: lOOO+"F CONVERSION 
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ea 40 
I 1 0 0  

BASE'+ 20 
REACTION TEMPERATURE 
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FIGURE 4 

RUN 17-258: NITROGEN CONVERSION 

62 

COAL-LIQUIDS, X 
3 0  

15 
m 40 
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FIGURE 5 

RUN 17-258: RAMSCARBON CONVERSION 

loo 1 

z 
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FIGURE 6 

RUN 17-258: SULFUR CONVERSION 
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FIGURE 7 

RUN 17-258: HYDROGEN UPTAKE 
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FIGURE 8 

RUN 17-258: Z 650-1000°F AROMATICS 
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FIGURE 9 

RUN 17-258: SULFUR CONTENT OF 650-1000 OF CUTS 
0.7 
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